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The Coniacian – Turonian Tuluvak Formation in the Colville basin of Northern 
Alaska is a lithologically defined interval of strata comprised of sandstones interbedded 
with shales.  The Tuluvak Formation contains significant coarser fractions that extend in 
grain size up to boulder conglomerates.  Stratigraphically, the Tuluvak Formation is 
overlain and underlain by shales of the Schrader Bluff Formation and the Seabee 
Formation, respectively. 
Outcrops of the formation have been previously mapped and studied in the 
foothills on the northern flanks of the Brooks Range in Northern Alaska. 
This study mapped the top, base, and two-way transit time interval of the Tuluvak 
Formation in the subsurface using six regional 2D seismic lines and wireline logs from 13 
wells that penetrated the entire Tuluvak Formation.  Additionally, 411.5 ft (125 m) of 
core taken from a key well in the Gubik gas field, where the Tuluvak Formation is the 
producing interval, were examined along with previous work to infer environments of 
deposition. 
Viewed on seismic sections, the Tuluvak Formation is interpreted as comprising 
the topsets of a prograding topset/clinoform package.  The Tuluvak Formation prograded 
as a shelf delta across a pre-existent shelf showing signatures of high-energy deposition.  
Progradation continued as a shelf edge delta beyond the underlying shelf into the basin.  
 iv
Depositional profiles observed on the seismic sections showed that fluvial and shallow-
marine facies to exist to the terminus of the Tuluvak Formation.  Subsurface mapping 
showed that the overall thickness thins distally. 
Similarly, cores and wireline logs verify that the Tuluvak Formation was 
progradational and dominated by fluvial processes proximally.  The more distal wells 
showed a waning of depositional energies, resulting in thinning of the Tuluvak 
Formation. 
As a potential reservoir, the Tuluvak Formation is a favorable petroleum target, 
given its relatively shallow position in the Colville basin, potential preservation of 
coarser grain size fractions in fluvial and shallow marine environments, and potential 
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Fluvial conglomerates and coarse-grained sandstones are among the most 
permeable facies of the entire rock record.  On Alaska’s North Slope (Figure 1.1), an 
active petroleum province with several proven petroleum systems (Bird et al., 2005; 
Garrity et al., 2005), fluvial-deltaic and shallow-marine siliciclastic rocks of the Late 
Cretaceous Tuluvak Formation are highly prospective reservoir rocks.  These rocks have 
very high permeability (Reifenstuhl, 2002) locally and also contain proven gas reserves 
(Mull et al., 2003).  These rocks have a long history of outcrop study; however, a 
surprisingly small amount of data exists for the Tuluvak Formation in the subsurface. 
Although known hydrocarbon reserves exist in the east-central Brooks Range 
Foothills Province of Alaska’s North Slope (Figure 1.2), such as the estimated 600 billion 
cubic feet of gas (BCF) in the Gubik anticline, and the estimated 70 million barrels of oil 
(MMBO) at Umiat anticline (LePain and Mull, 1999, citing Kornbrath et al., 1997), this 
region has not been the focus of active exploration for nearly a decade.  2D seismic data 
were acquired from the early 1970’s through the early 1990’s, and the few exploratory 








Figure 1.1: Display showing most of the State of Alaska 
with an outline of the area of this study.  Image provided 







Figure 1.2:  Map of land ownership in and around the study area.  Arctic Slope Regional 
Corporation (ASRC) lands shown in pink, North Slope Foothills lease tracts shown in 
blue, and National Petroleum Reserve in Alaska (NPRA) lease tracts shown in grey.  
Study area for this thesis includes portions of the East-Central Brooks Range Foothills 





After a period of inactivity, the east-central Foothills Province is receiving 
heightened attention by federal, state, and private organizations.  Currently, the trend of 
North Slope exploration is heading west and south away from the Arctic National 
Wildlife Refuge (ANWR), and the super-giant oil fields at Prudhoe Bay and Kuparuk, 
into this province.  As with the trend of oil and gas exploration globally, this region is 
being re-examined with the aid of new exploration technologies, a greater understanding 
of geologic processes, and an ever-expanding data set. 
The Arctic Slope Regional Corporation (ASRC), a corporation owned by the local 
inhabitants, the Inupiat peoples, the State of Alaska, and the Federal government, are 
surface and subsurface landowners in this region.  All are interested in wisely developing 
the natural resources of their lands.  In 1998, the ASRC entered into an agreement with 
Anadarko Petroleum Corporation, giving them exclusive exploration rights to 
approximately 3.2 million acres of native-owned lands. 
The State of Alaska began lease sales in 1998 and continues to hold annual lease 
sales for an area they designated as the North Slope Foothills.  The Federal Government 
also started leasing in 2001 and continues to lease lands in part of the National Petroleum 
Reserve in Alaska (NPRA) (Figure 1.2).  Lease sales of state and federal lands, and the 
active exploration of native lands, are indicative of the hopeful outlook that interested 






1.2 Research Objectives 
• Describe character of the Tuluvak Formation as viewed on 2D seismic 
sections. 
• Map the subsurface extent of the Tuluvak Formation. 
• Determine if depositional facies observed in outcrop also exist in subsurface. 
• Describe cores from a single well taken from the Tuluvak Formation. 
• Infer if the Tuluvak Formation is a viable target as a reservoir in a petroleum 
system. 
 
1.3 Research Methods 
Research methods include preparing the subsurface data set and analysis of those 
data; analyzing and describing cores; and the preparation of maps and cross sections to 
depict the findings of this study as well as to relate those findings to previous work.  A 
map of data incorporated in this study follows (Figure 1.3). 
 
1.3.1 Data Analysis 
The GeoGraphix© Discovery software package was used for data analysis.  All 
data available for this study were incorporated in a “project” within GeoGraphix© for the 






Figure 1.3:  Map of data used in this study.  Lines A – F are 2D seismic lines.  Locations 





1.3.1.1 Cartographic Data 
Importing a cartographic survey defining a spatially referenced grid was the first 
step to creating this project.  Each node of the grid contains values for placing it correctly 
on the surface of the earth with respect to latitude and longitude.  An elevation of zero, 
considered mean sea-level (msl) for each node, placed the data in the 3rd dimension.  
These cartographic data were donated by WhiteStar Corporation of Lakewood, Colorado.  
The State Plane Coordinate System (SPCS) for Alaska was used to define surface 
locations.  The SPCS was created by the U.S. Coast and Geodetic Survey for all 50 states, 
providing a datum from which locations on the surface can be measured.  It is not a map 
projection; rather, it is an accurate system designed for minimal map distortion across 
large areas.  The bulk of this project lies within Alaska SPCS Zone 4. 
Data not in the Alaska SPCS format were converted using conversion software 
provided within the Discovery suite of software.  When it was not clear if the data were 
converted properly, a test project was created using the original coordinate system of 
those data and plotted.  Original data placement and conversion methods were reviewed 
and corrected where necessary until the data plotted correctly in the project. 
A geo-referenced satellite image, donated by NPA Group of Kent, United 
Kingdom, for this research, provided a backdrop for base maps of the area of 
investigation.  Cultural data, including locations of National Park boundaries, the Trans-





1.3.1.2 Seismic Data 
Six regional 2D seismic lines were donated by WesternGeco© to the Colorado 
School of Mines (CSM) specifically for this research.  These lines were selected from a 
map provided by WesternGeco©, which showed regional 2D data available for purchase.  
The requested lines were chosen with the assistance of USGS stratigrapher Ken Bird, 
whose greater than 40 years of investigation continues to focus on Alaska’s North Slope.  
It was felt that he could best assist in choosing the lines that would contribute most 
towards the goals of this research. 
Navigation data defining the surface trend for the 2D seismic lines were converted 
into SPCS and displayed.  The subsurface trace data were tied to the shot points using 
common mid-points during the import process.  Each seismic line was displayed to 
confirm that it loaded properly.  To ensure that the seismic data were displayed properly, 
time to depth conversion data was necessary.  Where possible, the seismic sections were 
placed in the depth domain by tying them to a synthetic seismogram, described in 
Chapter Three. 
Though a synthetic seismogram provides a strong tie between time and depth 
data, it does have limits to how robust a correlation can be made.  Lateral variation in 
lithology and sub-surface structure between the borehole and the seismic line may be a 
source of discrepancies between the transit time of high-amplitude events recorded on a 




Thus, incorporating a synthetic trace made from a nearby well to tie the seismic 
data entails a process of scrutiny and editing, and the interpretations derived from this 
process are limited not only by the data set, but also by the interpreter’s ability to identify 
and properly edit intervals of dubious data. 
 
1.3.1.3 Well Data 
Alaska State’s Department of Natural Resources maintains a web-site containing 
metadata for wells within the state, from which location data were obtained.  All wells in 
the project area were spotted on a map to identify those wells that potentially penetrate 
the Tuluvak Formation. 
After a well reaches its total depth (TD), it is commonly logged with a variety of 
tools that measure various petrophysical properties, from which a wide array of 
interpretations may be made, e.g., lithology determination, hydrocarbon vs. water bearing 
zones, values of porosity, and a derived indication of permeability. 
Energy Data Services, Golden, Colorado, and the State of Alaska’s Oil and Gas 
Conservation Commission provided digital well log data. 
 
1.3.2 Creation of Synthetic Seismogram for Gubik Unit #1 Well 
In general, synthetic seismograms are generated from wells that contain sonic and 
density logs and are located near a seismic line.  The sonic log from the Gubik Unit #1 




seismogram.  The synthetic seismogram aids in the correlation of the subsurface data to 
the surface data because it is a means of tying wireline log signatures to seismic 
reflections.  The process entails a series of computations using the velocity values from 
the sonic log that ultimately convolves reflection coefficients (essentially, a measure of 
reflected energy for a wave that propagates from one medium to another) with a specified 
wavelet—of varying parameters such as frequency and amplitude—to generate the trace. 
A replacement velocity is assigned for the near-surface seismic data.  
Replacement velocities for the North Slope were set at 10,000 ft/second.  This value may 
seem too high for near-surface velocities.  However, the presence of permafrost, locally 
present to depths greater than 1000 ft subsea, results in higher near-surface velocities 
when compared to most sedimentary basins throughout the world.  This replacement 
velocity was applied over the depth interval from the datum, mean sea level, down to the 
shallowest reading of the sonic log. 
 
1.3.3 Mapping of Top and Base Horizons on Seismic Sections 
Concepts of sequence stratigraphy were employed in interpreting the data.  The 
interpretations reported here lie within the sequence stratigraphic school of thought 
broadly defined by Emery (1996) as “the subdivision of sedimentary basin fills into 
genetic packages bounded by unconformities and their correlative conformities.”  It is 
recognized that details regarding the use of sequence stratigraphy have varied both 




sequence stratigraphy for stratigraphic analysis continue to evolve in academia and 
industry, e.g., Historical Perspective (Emery, 1996); Eustatic Controls on Clastic 
Deposition—Conceptual Framework (Posamentier et al., 1988); Facies, Facies Models 
and Modern Stratigraphic Concepts (Walker and James, 1992); and Geologic 
Interpretation of Reflection Data (Sheriff and Geldart, 1995). 
Seismic data in the deformation belt of the Brooks Range were extrapolated to 
surface exposures of Brookian mega-sequence strata as a means of confidently placing 
interpreted horizons in the stratigraphic column.  Recent outcrop mapping work by Mull 
et al. (2003) was used to define the Tuluvak Formation spatially as well as the temporal 
relationships with underlying and overlying strata.  Indeed, the work presented here in 
conjunction with previous work should provide more controls for constraining these 
strata in a sequence-stratigraphic framework. 
 
1.3.4 Well Log Correlation 
Methods of identifying marker beds and pattern matching were used to correlate 
the logs.  These correlations include the base and top of the Tuluvak Formation and 
several clean sand intervals within it.  Clean sands were defined by gamma ray cut-offs.  
Shales typically contain more radioactive isotopes of potassium and uranium than 
sandstones; therefore the gamma ray readings for shales are higher when compared to 
readings for sandstones.  Thus, a low gamma ray reading is indicative of a clean sand.  




normalization, a clean sand is set to register at ≤60 API units.  Once this cutoff is made, 
the log can be shaded at intervals for this cut-off.  Correlations can then be made within 
the sandstone bodies. 
 
1.3.5 Description and Analysis of Core 
Cores from the Gubik Test #2 well from the Tuluvak Formation interval were 
examined to specifically look for sedimentary structures and other signatures that can be 
used to infer environments of deposition. 
 
1.4 Previous Work 
USGS investigations provide the dominant portion of published work for the 
Tuluvak Formation, which will be discussed in Chapter Two.  Available publications 
concentrate on numerous outcrops of various strata in the Foothills Province of the North 
Slope.  Studies of the Gubik gas field and the Umiat oil field include investigations 
through this interval.  No published study on the Tuluvak Formation exists.  Cores taken 
from government wells drilled at the Gubik and Umiat fields, wireline log data made 
available by the State of Alaska and the USGS, and cuttings from every well in this area 
provide the only non-interpreted, publicly available data. 
Virtually no interpreted sub-surface data are available for the Tuluvak Formation.  
A recent USGS publication does provide horizon picks for local strata on low-resolution 




do not provide a datum to which seismic lines provided for this research could be 
confidently tied. 
 
1.5 Contributions of Research 
• Interpretations of 2D seismic sections will are provided. 
• Structure-contour maps made showing the top, base, two-way interval transit 
time, and the subsurface extent of the Tuluvak Formation. 
• Stratigraphy of the subsurface Tuluvak Formation described by incorporating 
outcrop, core, well log, and seismic data. 












2.1 Colville Basin 
The Colville basin of Arctic Alaska comprises nearly all of Alaska north of the 
Brooks Range.  Those lands are commonly termed the North Slope of Alaska because the 
regional surface relief generally tapers from highlands in the south to a zero-elevation 
edge at the coastline.  Thus, some workers have referred to the Colville basin as the North 
Slope basin.  In plan view, the North Slope is conventionally divided into three general 
provinces, based on geomorphology, after the mapping of Payne (1951).  These are: the 
Brooks Range, the Fold and Thrust Belt, also called the Foothills Province, and the Arctic 
Coastal Plain (Figure 2.1). 
The Brooks Range, a thrust-faulted orogenic belt that began uplift during the late 
Neocomian (lower sub-epoch of the Cretaceous, widely used in North Slope literature), 
defines the southern extent of this basin (Bird, 1985).  There is no obvious surface 
expression of its northern limit.  However, the northern boundary is defined by the 
subsurface Barrow Arch.  This east-plunging anticlinal structure, which runs parallel to 
and is located at about the present-day shoreline, is considered to be the southern flank of 

































































































































































over-lap (Bird, 1985, 1987).  This structure has also been termed the Beaufort Sill (Mull 
and Adams, 1989). 
The Colville basin’s western boundary lies offshore northwestern Alaska at the 
Chukchi platform.  To the east, it merges with the passive-margin deposits of the Canada 
basin. 
 
2.1.1 Depositional Sequences 
The depositional history of sedimentary rocks comprising the Colville basin is 
conventionally divided into four major sequences, termed “mega-sequences” by some 
workers.  These are, in ascending order: the Franklinian, the Ellesmerian, the 
Beaufortian, and the Brookian.  These sequences were originally defined by Lerand 
(1973), and were later modified by Hubbard et al. (1987).  Figure 2.2 is a display 
showing the stratigraphic relationship of major sequences and strata of the Colville basin. 
The Franklinian sequence is comprised of weakly metamorphosed, Paleozoic 
sedimentary rocks considered to be basement with respect to oil and gas exploration.  The 
overlying Ellesmerian sequence extends from the Devonian through the Triassic and is 
broken into lower and upper sequences by some workers.  Rocks comprising the 
Ellesmerian sequence are made up of a platform sequence of carbonate rocks (lower) 
overlain by clastic rocks (upper) sourced from highlands to the present-day north 





Figure 2.2: Major sequences defined in northern Alaska’s geologic evolution and 




The Beaufortian sequence records perhaps the most significant event in North 
Slope geology—the shifting from a northerly sediment source area to a southern source 
area with the inception of the ancestral Brooks Range orogeny and subsidence of 
highlands to the north.  During the Jurassic and early Cretaceous, rifting in the present-
day north uplifted the Barrow arch.  Further uplift of the rift margin during the 
Neocomian created a regional unconformity termed the Lower Cretaceous Unconformity 
(LCU).  The distinct Pebble Shale unit overlies the LCU; deposition of the Pebble Shale 
unit marks the termination of northerly derived sedimentation (Bird, 1992). 
To the south, the early stage of the Brookian orogeny began with the collision of 
northern Alaska and a volcanic island arc.  This collision resulted in north-directed thrust 
faulting and the emplacement of as many as seven allochthons (Bird, 1992, citing 
Mayfield et al., 1988).  Mull and Adams (1989) inferred, by examining age relationships 
of allochthons that presently comprise the Brooks Range, citing Snelson and Tailleur 
(1968), that the orogenic belt in the south migrated northward.  O’Sullivan (1996) 
explained that deformation of the Brooks Range is actually comprised of two distinct 
phases recognizable in the examination of outcrop and by interpretation of apatite fission-
track data. 
The Brookian sequence, in which the Tuluvak Formation is included, records the 
filling of the present-day Colville basin with clastic sediments from the rising Brooks 
Range.  Rocks within the Brookian sequence are wholly autochthonous and record the 
time-transgressive nature of the rising Brooks Range as the thrust front migrated 
18
 
eastward.  Overthrusting is active today in the eastern Beaufort Sea (Hubbard et al., 
1987). 
More comprehensive summaries of the stratigraphy and tectonic history of 
northern Alaska not cited above can be found in a number of publications, for example: 
Brosgé and Tailleur (1970); Mull (1982); Grantz and May (1983); Smith (1987); Moore 
et al. (1992); Bird (1992); and Kumar et al. (2002). 
The asymmetry of the Colville basin, which can be seen on Figure 2.3, is typical 
of foreland basins. 
 
2.1.2 History of Investigation of the Colville Basin 
Much of the exposed rock on the northern flanks of the Brooks Range—that is, in 
the Foothills Province—is within the Brookian megasequence.  Schrader initially mapped 
much of the North Slope and his works still have influence today (Shrader, 1902).  Other 
notable early investigations are those of Leffingwell (1919) and Smith and Mertie (1930); 
more comprehensive publications on the history of investigation can be found in Moore 
et al. (1992) and Schindler (1988). 
A significant event in the petroleum history of Alaska’s North Slope was the 
creation of the National Petroleum Reserve #4 by President Harding, which was finalized 
in 1924.  It is now termed the National Petroleum Reserve in Alaska (NPRA).  The U.S. 
Navy, initially charged with managing those lands, made assessments of the oil and gas 
















































































































(Schindler, 1988).  Early geologic mapping and framework geological interpretations of 
the Colville basin were greatly augmented with the addition of this sub-surface data set. 
 
2.2 Cretaceous Strata Nomenclature 
The work of Gryc et al. (1951) was the first major revision of nomenclature for 
Cretaceous rocks of northern Alaska.  The “Colville Series” defined by Schrader (1902) 
was redefined as the “Colville Group,” to which they added the Prince Creek Formation 
and the Schrader Bluff Formation.  The name “Tuluvak” first enters the literature in this 
publication as a designation for a non-marine tongue of the Prince Creek Formation.  A 
type section is not formally designated, but rather implied, as the 1,200 ft (365 m) section 
at Tuluvak Bluffs, after which the Tuluvak Formation was named (Gryc et al., 1951).  
Figure 2.4 is a proposed stratigraphic column based on their work. 
Gryc et al. (1956) provided summaries of knowledge gained during the U.S. 
Navy’s nine years of active drilling.  In that work, they further refined the stratigraphic 
nomenclature in the Colville basin. 
The cyclical nature of deposition was understood to a greater degree with this 
publication and it was recognized that within the Cretaceous, transgressive and regressive 
cycles at varying scales could be mapped.  It is interesting to note that this publication is 
pene-contemporaneous with Hedberg’s “Time-Stratigraphic Classification of 
Sedimentary Rocks” (1948), Wheeler and Beesley’s “Critique of the Time-Stratigraphic 




Figure 2.4: Display of Cretaceous stratigraphic column from Gryc et al. (1951) where the 
Tuluvak Tongue of the Prince Creek Formation is first defined.  Note Tuluvak Tongue 
shown in blue box. 
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and Wheeler’s “Time-Stratigraphy” (1958)—a few among a number of papers during the 
late forties and fifties that further defined the importance of cyclicity in interpreting 
sedimentary strata as well as adding terms to the general literature of stratigraphy such as 
“group,” “tongue,” and “member.”  Figure 2.5 is taken from that volume; note the only 
documented unconformity is mapped at the top of the Nanushuk Group.  Whittington 
(1956) described the Tuluvak Tongue of the Prince Creek Formation as “…a wedge 
dividing the marine rocks of the group into two easily recognizable major subdivisions 
(formations).”  He proposed the designation for the underlying Seabee member of the 
Schrader Bluff Formation as the “Seabee Formation” and further proposed a restriction of 
the definition of the Schrader Bluff Formation to “…marine rocks of the Colville group 
above the Tuluvak tongue”. 
The most recent nomenclature change is the work of Mull et al. (2003), in which 
the Tuluvak Tongue of the Prince Creek Formation was redefined and designated as the 
Tuluvak Formation.  Rocks of the Tuluvak Formation are now confined to the Turonian 
and Coniacian stages of the Cretaceous Period (Figure 2.6).  Tuluvak Formation strata 
partly comprise a sedimentary package of rocks formerly called the Colville Group.  The 
Colville Group as a designation is abandoned and now broken into stratigraphic 
formations, (in ascending order) the Seabee, Tuluvak, Schrader Bluff, and Prince Creek.  
Their mapping defined strata according to lithologic distinctions, though they did employ 
chronostratigraphic concepts to define Brookian strata because it simplified the general 





























































































Figure 2.6: Cretaceous North Slope stratigraphic column with arrow pointing to Tuluvak 
Formation. From Mull et al. (2003). 
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2.2.1 Umiat Anticline 
Eleven wells were drilled at the Umiat anticline (Figure 1.2) from 1945 – 1952.  
An early summary of findings is reported by Collins (1958).  The only well to penetrate 
the Tuluvak Formation was the Umiat Test Well #11.  Only a partial section of the 
interval was drilled and no hydrocarbons were reported.  At this location, the Tuluvak 
Formation is characterized as approximately 500 ft (152 m) thick, comprised of 
sandstone and siltstone beds ranging from 5 – 40 ft (1.5 – 12.2 m) in thickness 
interbedded with shale, coal, and bentonite.  Coal beds are up to 3 ft (0.9 m) in thickness 
and bentonite beds are up to 7 ft (2.1 m) thick.  Some of the shales are described as 
containing sparse fauna, indicative of a shallow-water marine environment. 
 
2.2.2 Gubik Anticline 
In 1951, the Gubik field was discovered at the Gubik anticline (Figure 1.2) by 
drilling the Gubik Test # 1 well.  The nearby Gubik Test #2 was drilled shortly after, 
completed in the same year, and was incompletely cored through the Tuluvak Formation.  
Those cores are currently available at the USGS Denver Center core library in Denver, 
Colorado.  The primary reservoir rocks of this gas field are within the Tuluvak 
Formation. 
Robinson (1958) summarized results of analyses of Gubik Test wells 1 & 2.  The 
Tuluvak Formation was defined to be 870 ft (265 m) in thickness, comprised mostly of 
sandstone with rarer strata of conglomerate, clay shale, coal, and bentonite.  She also 
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stated that “…The effective porosity of the sandstone in the Tuluvak ranges from 4.4 to 
25.4 percent, averaging about 15 percent, and the permeability, from impermeable to 
3,780 millidarcys. Gas is present in the Tuluvak tongue.” 
 
2.2.3 Tuluvak Formation Cores from Umiat and Gubik Fields 
In the Umiat Test Well #11, 12 cores totaling approximately 230 ft (70 m) 
recovered a portion of Tuluvak Tongue of the Prince Creek Formation as it was 
designated in 1958.  The Gubik Test Well #1 resulted in 9 cores totaling 105 ft (32 m) 
from the same general interval.  A correlation from the #1 well using the spontaneous 
potential (SP) and resistivity logs was created by well-site geologists for the drilling of 
the #2 well in an attempt to core coarser fractions of the local stratigraphic column, 
including most of the Tuluvak Tongue of the Prince Creek Formation.  The Gubik Test 
Well #2 recovered 56 cores from this interval for a total of approximately 520 ft (158 m). 
Cores from the Gubik Test well #2 were analyzed in this study.  All cores were 
described for rock type, mineralogy, fossil content, and oil and gas shows (Robinson, 
1958).  There were no previous descriptions of sedimentary structures or interpretations 
of depositional environments extrapolated from those descriptions. 
 
2.3 Outcrop Work 
Regional mapping work by Gryc et al. (1951) implied a type section of the 
Tuluvak Tongue of the Prince Creek Formation at the Tuluvak Bluffs, as was mentioned 
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earlier.  Detterman (1963) was the first major study that focused on detailed mapping in 
the area.  He proposed a new type section at the Schrader Bluff (Figure 1.3).  According 
the North American Commission on Stratigraphic Nomenclature, Article 8(e) (Easton et 
al., 2005), this outcrop should technically be called the principle reference section, and 
the originally defined type section would remain.  This location provides the largest 
completely exposed section, totaling 575 ft (175 m). 
Subsequent mapping (Brosgé and Whittington, 1966) covered a more regional 
area.  They mapped the Tuluvak Tongue of the Prince Creek Formation and also 
described stratigraphic relationships with overlying and underlying strata. 
Bergquist (1966) provided an interpretation of micropaleontologic data gathered 
from outcrop and the subsurface.  He identified six faunal zones for the Colville basin, 
identifying zones specifically for the Cenomanian and Turonian. 
Detterman et al. (1975) described the Tuluvak Tongue of the Prince Creek 
Formation as “at least 270 m (800 ft) thick”, that “units of clean, porous sandstone 3 to 
15 m (10 to 50 ft) thick are fairly common”, and that “most of the Tuluvak sandstones 
contain a few pebbles 0.6 to 5 cm (1/4 to 2 in.) in diameter.” 
Reifenstuhl and Loveland (2002) reported porosity and permeability studies from 
a number of outcrops that included the Tuluvak Formation (as defined but not yet 
published by Mull et al., 2003).  From 38 samples, they record porosity as ranging from 
5% - 20%, and permeability values from 0.5 md – 8,660 md. 
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Rock descriptions were published by Detterman et al. (1963), Brosgé and 
Whittington (1966), and Detterman et al. (1975), but no interpretations were reported.  
Fox et al. (1979) indicated that conglomerates in association with coals were delta-plain 
deposits.  However, interpretations of the outcrops to identify architectural elements of 
alluvial or clastic coastal sediments, or facies assemblages such as alluvial sandstone 
channel facies, delta plain distributary channel facies, or delta front distributary mouth 
bar facies, were not reported. 
 
2.4 Regional Stratigraphic Context 
Progradation of the Tuluvak Formation was generally eastward (Harris et al., 
2002).  Tuluvak Formation strata grade downsection into distal marine equivalents of the 
Seabee Formation that are potentially source rocks.  Possible deepwater equivalents of 
the Tuluvak Formation with oil-staining were reported to the east (Mull et al., 2003).  
Figure 1.3 shows the location of that outcrop labeled as ‘location of possible distal 
equivalents.’ 
Older rocks of the Nanushuk Group, henceforth referred to as the newly defined 
Nanushuk Formation (Mull et al., 2003), have been the focus of numerous studies.  This 
well-mapped formation, in both the sub-surface and the surface, provides excellent 















Seismic data allow a regional-scale investigation.  The six seismic lines (Figure 
3.1) provide a two-dimensional view of the Tuluvak Formation from outcrop to its 
apparent distal terminus.  This chapter focuses on the Tuluvak Formation interval that 
was examined on the seismic data.  Where applicable, well data were incorporated to 
calibrate the seismic data. 
 
3.2 Methods 
Data were interpreted on a GeoGraphix Seisvision™ workstation.  The Tuluvak 
Formation interval was identified by a tie of the Line A (Figure 3.1) seismic section to 
the Gubik Unit #1 well via a synthetic seismogram.  Once identified, the interval was 
mapped to the geographic limits of the seismic data. 
An important distinction needs to be made regarding how the Tuluvak Formation 
interval was mapped.  The type of mapping employed here is actually seismic-
lithostratigraphy, and not the more common sequence-stratigraphy applied to seismic 




Figure 3.1:  Map showing locations of seismic lines labeled A - F.  Black polygon 




interval without regard to chronostratigraphic time lines.  The reason this approach was 
taken was so that the Tuluvak Formation as a lithologic unit could be defined in the 
subsurface. 
 
3.2.1 Formation Tops in the Gubik Unit #1 Well 
The stratigraphy at the Gubik field was defined from earlier mapping work on 
local outcrop and from the Gubik Test Wells 1 & 2.  The Gubik Unit #1 is an industry 
well completed in 1963, and is the most recent well drilled at Gubik field. 
The Schrader Bluff Formation crops out at Gubik field.  Within the Gubik Unit #1 
well, the Tuluvak, Seabee, and Nanushuk Formation tops could be identified.  Formation 
picks in the Gubik Unit #1 well were checked by correlating this well with both of the 
government test wells using formation picks reported by Bird (1988).  Though only the 
spontaneous potential (SP) and short and long-normal resistivity (RSN, RLN, 
respectively) correlation logs are available for the Gubik Test wells, the resultant 
correlation was made with confidence due to the relative proximity of all three wells.  
Figure 3.2 shows the correlation between wells in the Gubik field. 
 
3.2.2 Synthetic Seismogram for Gubik Unit #1 
A synthetic trace was constructed for the Gubik Unit #1 well using the recorded 
sonic log.  Anomalous readings on the sonic log due to washouts in the well, noted on the 






Figure 3.2:  Structural cross section showing correlation of wells in the Gubik gas field (Figure 3.1); Tuluvak Formation top designated with red arrow at top of logs, below which are correlation lines within the 
formation; Seabee Formation top designated with blue arrow; Nanushuk Formation at bottom of logs shown with red arrow; cores taken from the Tuluvak Formation (black) which were analyzed in this study are 
shown at right of logs; depths are feet sub-sea. 
Tuluvak Formation top 
Nanushuk Formation top 




spanning an approximately 2700 ft (823m) interval from 1680 ft (512 m) measured depth 
(MD) down to the total depth (TD) at 4406 ft (1343 m).  This interval captured 
approximately the lower 40% of the Tuluvak Formation.  Through changing various 
parameters of the sinusoidal trace—frequency, amplitude, and phase—a best fit to the 
seismic data was chosen.  The chosen synthetic incorporated the 32 Hz Ricker wavelet, 
with 60˚ of phase rotation because this most closely matched the seismic traces.  This 
trace is shown next to other synthetic traces as well as seismic traces from Line A on 
Figure 3.3. 
Confidence in the tie to the seismic data comes mainly from good correlation of 
the synthetic trace to the high amplitude reflector at the top of the Nanushuk Formation 
and several strong reflectors within it.  At this location, the seismic response of the 
Tuluvak Formation is not nearly as distinctive as the Nanushuk Formation.  Formation  
tops in this well were now identified in time using the synthetic trace, and the Tuluvak 
Formation was identified on seismic Line A.  
 
3.2.3 Mapping Tuluvak Formation Top & Base on Seismic Sections 
Once the interval was identified locally on Line A, it was mapped to the extent of 
the data set.  Mapping the interval first entailed tying all the lines together to match, as 
closely as possible, data of intersecting lines so they could be confidently correlated to 
each other.  Correlating the seismic lines was sometimes difficult because the data are of 











Figure 3.3:  Display of seismic traces taken from Line A adjacent to Gubik Unit #1 well from which various synthetic traces were generated using the sonic log.  Note that first 1680 ft 
of measured depth of sonic data were blocked out due to washouts.
This area blocked out due to 
wash-outs in the well as noted 




3.2.4 Description of Seismic Sections 
Line A is described first because the Tuluvak Formation interval was initially 
identified on this section using the methods described above.  Descriptions of Lines B, C, 
D, E, and F follow.  Conventional descriptions of geometric reflector patterns that include 
recognition of the types of reflector termination were used.  For this work, the following 
terms are defined as they were introduced by: 
a) Mitchum et al. (1977): 
1. toplap: termination of inclined reflections against an overlying 
lower angle surface 
2. downlap: the dip of the surface upon which younger strata 
terminate is less than the dip of those strata 
3. onlap: the dip of the surface upon which younger strata terminate 
is greater than the dip of those strata 
 
Offlap is defined as the intersection of topset and clinoform beds at the location of 
a marked increase in slope. 
 








Figure 3.4:  Names of reflector termination types used here.  From Catuneanu (2003). 
 
 
3.2.4.1 Line A 
Figure 3.5 displays a 50-mile portion of the East-West trending Line A (Figure 
1.3), which is approximately 95 miles in overall length.  Shot point locations for this line 
and subsequent lines are not shown because of restrictions placed on displaying these 
data by the data vendor.  The 50-mile displayed section captures the most continuous 
section of the Tuluvak Formation interval identified for all seismic lines in this data set. 
In the region of the Gubik Unit #1 well, the Tuluvak Formation interval is 
comprised of parallel, laterally continuous, high-amplitude reflectors.  The underlying 
Seabee Formation is dominated by plunging eastward reflectors that either toplap up to 
the Tuluvak Formation base, or are top-truncated by the Tuluvak Formation base, and 
downlap onto the Nanushuk Formation (Figure 3.5).  Mapping the Tuluvak Formation 
interval essentially entailed mapping the extent of the parallel high-amplitude reflectors 
as seen in the area of the Gubik Unit #1. 
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Area of diverging and 
splitting reflectors; also, 
vertical offset of reflectors 
Figure 3.5:  Display of section of Line A showing entire interval of Tuluvak Formation as mapped from west to east.  Tuluvak Formation top 







Viewed in its entirety, the Tuluvak Formation as mapped on Line A shows a 
broad, gentle folding with wavelengths greater than 20 miles basinward.  This wave 
pattern of the interval attenuates towards the distal end of the formation. 
High-amplitude reflectors are laterally continuous and are dominantly parallel 
through much of the section.  However, variations in reflector geometries occur, 
particularly in the eastern half of this seismic section. 
Top and base horizons show that the thickness remains relatively consistent for 
some 30 miles from its western extent to the Itkillik Unit #1 well (Figure 3.1).  East of 
that well, the interval shows some variation in thicknesses for approximately another 15 
miles.  At the easternmost end, the interval terminates abruptly at a point where the top 
reflector plunges eastward and converges with the Seabee Formation. 
This final downlapping reflector essentially truncates all parallel reflectors within 
the interval.  It also parallels the final offlapping reflector within the Seabee Formation 
immediately to its west; on its east, it is onlapped by reflectors that extend from the east.  
The interval was mapped eastward only to that point marking its eastern extent on this 
line.  Its western subsurface extent is the location where the top bounding reflector 
extends to the surface and is coincident with Tuluvak Formation outcrops in the Umiat 
area (Figure 1.3). 
The reflector interpreted as the Seabee Formation top/Tuluvak Formation base 
(shown as a blue line on Figure 3.5) changes in character as it is followed eastward.  In 




interval.  However, the base of the Tuluvak Formation does not follow a single, high-
amplitude, laterally continuous reflector for the eastern 19 miles of the section.  Rather, 
the base of the formation is interpreted to follow successive points of offlap at the top of 
the Seabee. 
The parallel reflectors show less similarity as the interval is traced east beyond the 
Itkillik Unit #1 well.  Bounded between high-amplitude continuous reflectors, the internal 
reflectors immediately to the east of that well show increasing, divergent dip angles in 
relation to one another as they are traced eastward.  Additionally, a number of the 
diverging-eastward reflectors split into more reflectors.  Beyond that area, however, the 
splitting of reflectors and divergence between reflectors cease, and they remain 
dominantly parallel and well defined to their eastward mapped extent. 
 
3.2.4.2 Line B 
Figure 3.6 displays an approximately 35-mile portion of North – South trending 
Line B (Figure 3.1), which is about 65 miles in overall length.  From its southern end, it 
extends approximately 25 miles across the Foothills Province before reaching the Coastal 
Plain Province, which it crosses for about 40 more miles to its northern end. 
The Tuluvak Formation interval is mapped from the Shale Wall Bluff outcrop 
(Figure 1.3) to its northern extent, spanning just over 30 miles.  The interpreted interval, 
when viewed broadly, shows a similar gentle folding as was seen on the interval mapped 









Figure 3.6:  Display of section of Line B showing entire interval of the Tuluvak Formation as mapped from south to north.  The line is 








Tracing the interval northward out of the foothills onto the coastal plain, the 
overall wave pattern attenuates as wavelengths increase and wave amplitudes decrease.  
Within the bounding reflectors, the formation is represented by well-defined, high-
amplitude and laterally continuous reflectors, though occasional areas of less contrasting, 
discontinuous reflectors are present.  Rarely, reflector splitting and merging occur 
laterally, where a relatively thick reflector will splay into two thinner reflectors that 
roughly maintain trend and thickness, and vice versa. 
The approximately 150-millisecond interval of seven positive reflectors shows 
little variation in thickness and is traceable north to the end of the seismic section.  
Internally, reflectors generally remain parallel, with few exceptions, within the overall 
geometry described above.  Their high amplitudes, however, decrease within the interval 
from top to bottom.  Thus, the bottom three or four reflectors are weakly defined across 
the section.  Locally, there are areas where adjacent reflectors decrease in amplitude and 
lose definition in a region of poor data, only to reappear laterally.  Anomalous, concave 
up, sub-parallel features up to three miles in width exist along portions of some of the 
parallel reflectors. 
 
3.2.4.3 Line C 
Line C is located approximately 12 miles to the north of and generally parallel to 
Line A, and overall it spans some 65 miles (Figure 3.1).  The mapped Tuluvak Formation 
interval is within the western 35 miles of this section (Figure 3.7). 
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Figure 3.7:  Display of section of Line C showing entire interval of the Tuluvak Formation as mapped from west to east.  The 
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The mapped interval of Line C is similar to that of both A and B in several ways: 
a) it remains relatively constant in thickness throughout; b) it is dominated by high-
amplitude, parallel reflectors that show minor lateral variation; c) near-vertical offset of 
reflectors, probably faulting, occurs locally both within the interval, and entirely across it; 
d) local variations are rare; and e) diverging and splitting of a single reflector into two 
occurs, though locally. 
This interpreted section contrasts with the previous two lines in that it shows 
practically no undulatory reflectors; there are no nearby wells to display; and the mapped 
Tuluvak Formation interval as picked on this section remains completely in the 
subsurface.  Furthermore, the interval is present across a greater proportion of the overall 
section compared to Lines A and B from the western end of the seismic section to its 
mapped eastern extent.  As with Line A, it was necessary to identify the offlapping 
reflectors at the top of the Seabee Formation to define the base of the Tuluvak Formation. 
These characteristics, similar to both A and C, can be seen on Figure 3.8, which 
displays a portion of Line C and is flattened on the Tuluvak Formation top so that the 
divergence is more easily recognized.  Also, thickening of the Seabee Formation 
eastward of the Nanushuk Formation shelf edge can be easily seen. 
 
3.2.4.4 Line D 
Figure 3.9 displays an approximately 30 mile portion of Line D.  This line trends 























































































Figure 3.9:  Display of section of Line D showing entire interval of Tuluvak Formation as mapped from south-west to north-




actually comprised of two seismic lines whose data are of different vintages, though they 
are considered as a single line here.  The shorter of the two lines continues as an 
extension of the other with minor overlap.  In the area of overlap of the two lines, the 
interpreted Tuluvak Formation intervals are nearly identical. 
From its southern end to an area north of the Ekvik #1 well, the Tuluvak 
Formation interval is easily mapped.  However, north of that well, resolution of the 
bounding and internal reflectors is poor.  The interval is mapped to its northern extent on 
this line with tentative confidence because the termini of the mapped horizons are at a 
position where data quality is questionable. 
Where data are good, the interval shows little variation in characteristics from 
those described in previous lines.  Local variations, as in all previous displays, occur as: 
a) undulous curvature that may or may not truncate reflectors laterally; b) diverging and 
splitting reflectors; and c) near-vertical offset of reflectors, which is probably faulting. 
By scrutinizing the data with various display methods, such as stretching and 
shrinking the seismic section horizontally and vertically, changing colors of the 
reflectors, poor-data zones were mapped—though tentatively—to the terminus of the 
Tuluvak Formation beyond the Ekvik #1 and Wolfbutton 32-7-8 wells. 
 
3.2.4.5 Line E 
Figure 3.10 displays an approximately 30 mile portion of the northwest – 






Entire Tuluvak Formation interval 
mapped with tentative confidence 
Figure 3.10:  Display of section of Line E showing entire interval of Tuluvak Formation as mapped from west to east.  The line is 








its entirety on Line E, again with tentative confidence, as in the distal end of Line D.  
Bounding reflectors could be mapped to where they converged, though internal 
characteristics are questionably interpreted because data within the bounding horizons are 
comprised of chaotic, laterally discontinuous, high- and low-amplitude reflectors.  
Therefore, the internal characteristics were not examined due to constraints of data 
quality in this interval. 
 
3.2.4.6 Line F 
Some 60 miles in length, this north-south trending line is the easternmost of these 
data (Figure 3.1).  The Tuluvak Formation, likely present in synclines at the southern end 
of this line, was not mapped because it could not be tied to a datum.  More data in this 
region would allow confident mapping of the Tuluvak Formation, which would be useful 
in corroborating if the outcrops identified by Mull et al. (2003) as possible distal 
equivalents (Figure 1.3) are in fact genetically related to this interval. 
 
3.2.5 Structure-Contour Maps 
Structure-contour surfaces for top and base horizons were made using mapping 
functions within the Seisvision™ software.  These surfaces represent the two-way travel 
times (TWTT) to the top and base of the mapped horizons on each seismic section.  
Three different maps were made: top structure in TWTT, base structure in TWTT, and an 




That is, the interval-isochron map displays contours that represent time for seismic 
energy to pass through the Tuluvak Formation. 
As TWTT increases, so does depth.  Therefore, the variations in time are assumed 
to mirror variations in depth.  The structure-contour maps produced in the time domain 
are considered to be an accurate depiction of the Tuluvak Formation in the subsurface, 
even though depths are not given. 
The top of the Tuluvak Formation time-structure map is displayed in Figure 3.11.  
This map shows relative deepening of the horizon to the east, with slight undulations 
across its surface, particularly in the southwest.  At the eastern and northeastern extent of 
the surface, the top time-structure map shows deepening.  Variations across this surface 
reflect the general character of the mapped horizon on the seismic sections. 
The base time-structure map is similar to the top, with undulations in the 
southwest that attenuate northward and eastward (Figure 3.12).  Also, TWTT increases to 
the east from the surface (considered as zero time) in the southwest. 
Increasing TWTT to the east for both the top and base time-structure maps is 
indicative of increasing depth.  Because both increase similarly, the increased depths 
show that the Tuluvak Formation is eastward-dipping; this can be seen on the two east-
west trending seismic sections (Figures 3.5 and 3.7). 
The resultant isochron map between the two surfaces shows little variation over 
much of the region, except at the eastern and north-eastern edges where it “thins” to a 




Figure 3.11:  Time-structure map on top of Tuluvak Formation showing two-way travel 
time in milliseconds below project datum.  Contour interval is 50 milliseconds.  See 




Figure 3.12: Time-structure map of base of Tuluvak Formation showing two-way travel 
time in milliseconds below project datum.  Contour interval is 50 milliseconds.  See 







Figure 3.13: Interval-isochron map showing Tuluvak Formation thickness in milliseconds 
of two-way travel time computed as the difference between top and base of the structure 







noted here.  The relatively constant thickness and thinning to a zero edge mirrors what 
was seen on the seismic sections.  The eastward dip of the formation is not seen on this 




The Tuluvak Formation was interpreted to have been deposited in fluvial and 
shallow-marine environments based on earlier work introduced in Chapter Two.  It is 
lithologically defined and distinguished from the overlying and underlying formations.  
The lithological distinction is interpreted to be distinguishable on the seismic sections. 
 
3.3.1 Seismic Reflector Characteristics 
Laterally continuous, high-amplitude, parallel reflectors were traced in this study 
from recently mapped and defined outcrops of the Tuluvak Formation (Mull et al., 2003), 
through the cored wells at the Gubik field.  These reflectors extend to the terminus of the 
formation in the basin (see Line A, Figure 3.5). 
These reflectors are identified in this study as the topset reflectors of a genetically 
related topset – clinoform prograding suite of rocks; bottomsets are absent because the 
clinoforms downlap onto the underlying topsets of the Nanushuk Formation (Figure 3.8).  




the Seabee Formation.  This relationship shows that the underlying Seabee Formation 
represents the distal time-equivalents of the Tuluvak Formation. 
Because of this relationship, the pick of the top of the Seabee Formation is 
somewhat arbitrary; it was consistently picked where the topset reflectors break to 
clinoforms.  In a sequence-stratigraphic framework, then, the Tuluvak Formation 
represents a span of time including the Highstand Systems Tract (HST) and perhaps a 
subsequent stillstand—the Tuluvak/Seabee Formation package combined represents a 
progradational package. 
Presence of high-amplitude reflectors results from large reflection coefficients 
which can be influenced by lithological changes.  This is particularly true where coals are 
present within the Tuluvak Formation.  The density contrast between coals and 
sandstones is large and yields high-amplitude reflectors on seismic sections.  However, in 
an overall progradational package, extensive coals may not be as prevalent when 
compared to aggradational and retrogradational systems. 
Thus, owing to the fact that internal reflector characteristics show little change 
throughout the mapped interval, and that the depositional environments at the outcrop 
and within the cored wells are interpreted as fluvial to shallow marine, it is concluded 
that these environments exist to the very terminus of the formation.  This interpretation is 
in conformity with Sangree and Widmier’s (1979) “Interpretation of Depositional Facies 
from Seismic Data,” where they defined seismic facies based on amplitude and continuity 




an example of non-marine and shallow-marine rocks that show high amplitude and high 
continuity of reflection data.  Although Milton and Bertram (1995) argued that such 
strong correlations of seismic response to depositional facies are tenuous, additional data 
from outcrop and wells in this study support this interpretation. 
Reflector geometries in the Seabee Formation are additionally significant in 
suggesting that the Tuluvak/Seabee Formation regressive package was a high-energy 
system.  The clinoforms through the Seabee Formation interval show a reflector pattern 
that was identified by Sangree and Widmier (1979) as resulting from high-energy 
deposition (Figure 3.14).  This is particularly true for the Seabee Formation above the 











Minor variations in reflector characteristics do exist.  The areas of concave-up 
features along sub-parallel reflectors are likely signatures of channel complexes.  The 
presence of channel complexes are in conformity with the interpretation that the Tuluvak 
Formation is partly comprised of fluvial environments. 
Splitting of a single reflector into two and then back into a single thick reflector is 
indicative of thickness variation of the beds responsible for the acoustic impedance 
changes. 
 
3.3.2 Shelf Delta to Shelf-Edge Delta 
The Tuluvak Formation appears to have prograded as a shelf delta across the 
Nanushuk Formation shelf and continued as a shelf-edge delta when it passed beyond the 
Nanushuk Formation shelf edge.  Evidence for this is the increase in clinoform lengths, 
which corresponds to an increase in thickness of the Seabee Formation beyond the 
Nanushuk Formation shelf.  This can be seen on Figure 3.8 eastward of the Nanushuk 
Formation shelf edge.  It is likely that the rate of progradation of the Tuluvak 
Formation/Seabee Formation package would have decreased because the sediments were 
being deposited into the basin and not on to the pre-existent shelf.  Stated differently, the 
accommodation space increased by a change in bathymetry. 
The progradation of the Tuluvak/Seabee Formation suite of rocks some 15 miles 
beyond the Nanushuk Formation shelf edge (see Lines A and C, Figures 3.5 and 3.7) is 




Cretaceous (Figure 3.15).  Notice that both 2nd and 3rd order cycles show highest sea-
levels during Turonian time when the Tuluvak Formation began deposition.  This chart of 
sea level may be true for Northern Alaska when considering eustatic sea-level changes 
because the coast was directly adjacent to the Arctic Ocean at that time.  The significance 
of progradation into the basin during times of high sea level is that sedimentation rates 
are interpreted to be high for these rocks.  However, it is possible that progradation to the 
shelf edge during sea-level highstand could occur even for low sedimentation rates.  
Burgess and Hovius (1998) stated: “Third-order relative sea-level cycles have highstands 
of c. 1 Ma.  In all modern examples discussed here, assuming low shelf transport rates, 
there would be sufficient time during a third-order cycle highstand for development of 
shelfedge deltas and consequent transport of sediment into deep marine environments.” 
Other factors may have been controls on the overall progradation of the 
Tuluvak/Seabee Formation package.  Though sea level was considered to be at a global 
high during this time, Figure 3.15 shows that both 2nd and 3rd order cycles were falling 
after the middle Turonian.  According to Figure 2.6, the sea level fall on Figure 3.15 
coincides with the time when the Tuluvak Formation began deposition.  Also, concurrent 
tectonic movement associated with the Brooks Range orogen could yield a relative sea-
level fall.  Evidence for this may be the thinning of the Tuluvak Formation over the 
Gubik anticline which can be seen in the southwest corner of the interval-isochron map 
(Figure 3.13).  Another factor may be due to climatic controls of erosion during the 
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Figure 3.15: Display of eustatic sea-level through the Cretaceous. After Haq et al., 
(1987). 








Cretaceous; high rates of both mechanical and chemical weathering of the Brooks Range 
due to the climate may have yielded relatively large sediment volumes. 
 
3.3.3 Structural Considerations 
Evidence of regional deformation that may have occurred during and certainly 
after the progradation of the Tuluvak Formation is present on lines A, B, and to a lesser 
degree on Line C as the broad folds of the entire interval.  This deformation is likely 
related to the time-trangressive Brookian orogen.  The attenuation of the folds away from 
the Brooks Range mountain front indicates the decrease of stresses related to the 
Brookian orogen.  This pattern can be seen on both the top and base structure-contour 
maps as well. 
Other variations in reflector character may be due to geologic structure.  For 
example, thickening of the formation as it progrades over the underlying Nanushuk 
Formation shelf edge is an area of relatively dense faulting that passes through the entire 
interval; these faults are not mapped but are evident on Lines A and C (Figures 3.5 and 
3.7) in this region.  These are interpreted as syn-depositional, to slightly post-depostional 
faults that have propagated from within the Seabee Formation through the entire Tuluvak 
Formation.  This increase is likely due to the increased thickness of the Seabee Formation 
basinward of the Nanushuk Formation shelf (Figure 3.8). 
Additionally, the point of the underlying Nanushuk Formation shelf-break marks 




of reflectors above the Nanushuk Formation shelf edge are likely apparent dips.  Even if 
they represent true dip of the prograding strata, they are significant in that they show a 
change in depositional style.  Likely, these are signatures of subsidence.  The subsidence 
is interpreted as resulting from compaction within the Seabee Formation—which has 














Well data are examined in this chapter, which include both cores and wireline log 
data.  The Gubik Test #2 well provided 411.5 ft (125 m) of cores taken from the Tuluvak 
Formation interval.  Of the 61 cores taken from the Gubik Test #2 well in this interval 
(Robinson, 1958), only 30 slabbed cores are presently available for viewing at the USGS 
Core Research Center, Denver, Colorado.  Photos of all cores are available in Appendix 
2.  These were extracted from Houseknecht (2002).  Cores taken from the Gubik Test #1 
well are also available at the USGS Core Research Center, but they were not examined 
here because they capture a smaller portion of the Tuluvak Formation interval. 
In addition to the studied cores, 13 wells that penetrate the entire Tuluvak 
Formation were examined using their wireline log data.  Using core and wireline data the 
subsurface Tuluvak Formation is interpreted and placed within a regional context. 
 
4.2 Methods 
Cores taken from the Gubik Test #2 well were described, from which general 
environments of deposition were interpreted.  Additionally, log tops were incorporated 
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and examined to verify seismic-derived maps in Chapter Three as well as generally 
describe the nature of the Tuluvak Formation. 
When considering environments of deposition, a hierarchy was used in which 
local sedimentary structures were placed in more regional context as shown in the 
following flow chart (Figure 4.1). 
 
 




4.2.1 Gubik Test #2 Cores 
The Tuluvak Formation was identified from 2,190 ft up to 1,135 ft measured 
depth (MD) in the Gubik Test #2 well.  Identifying the interval was made easier by tying 
Delta (shelf delta, shelf edge delta)































it to the Gubik Test #1 well via the resistivity logs.  This observation changes the 
thickness of the Tuluvak Tongue of the Prince Creek Formation in this well from its 
originally proposed thickness of 875 ft (267 m) (Robinson, 1958) to 1055 ft (321 m). 
The available cores only cover the interval from 2,145 ft MD up to 1,218 ft MD.  
Figure 4.2 is a summary diagram.  Detailed core descriptions appear in Appendix 1.  
Cores are used in this study to further define the depositional nature of the Tuluvak 
Formation in the subsurface. 
Notable characteristics of the cores are their lack of biogenic structures; 
preponderance of cut and fill, wavy-parallel, and plane-parallel structures; and existence 
of several small coal beds.  Other characteristics of note are the presence of coaly and 
siderite grain inclusions.  Lithologies were dominantly sandstones and siltstones 
containing white and clear quartz, dark chert, lithic inclusions, coal particles and pyrite, 
and dark and light-grey shales (Robinson, 1958). 
Strict determinations of facies and facies associations were not made from the 
core descriptions.  Cores are necessarily restricted laterally and provide a limited view of 
sedimentary structures; they do provide the ability to examine vertical successions of 
sediment which is probably their greatest asset. This work builds upon earlier 
interpretations of depositional environments for the Tuluvak Formation. 
Stacked, coarsening upward cycles can be seen in the cores.  The cores from 1980 
ft up to 1840 ft are an example (Figure 4.2).  Here, silt and very-fine sandstone with 




Figure 4.2: Stratigraphic column of cores taken from the Tuluvak Formation in the Gubik 
Test #2 well.  Coarse = coarse sandstone; mdss = medium sandstone; fss = fine 


















Orange = coarse grained sandstone 
 
Dark yellow = medium grained 
sandstone 
 
Light yellow = fine and very fine 
grained sandstone 
 






















































which are considered as storm-wave induced structures (Boggs, 1995)—at about 1880 ft, 
are overlain by coarser fractions and coal.  A rooted sandstone at 1960 ft, overlain by a 
coal, is indicative of a subaerial environment.  Thus, a transition from a shallow-marine 
environment to a non-marine environment is identified.  To a lesser degree, such 
transitions are found in the shallower cores. 
Specifically, paludal and fluvial depositional environments are seen in the 
subaerial environments, where coals, rooting, coarse-pebbly conglomerates, and coarse 
and medium sandstones with various, higher-energy structures are present. 
 
4.2.2 Wireline Logs 
Wireline log data from 13 wells were used to examine the Tuluvak Formation.  
Other wells in the area likely capture the entire Tuluvak Formation interval, but where 
well data were questionable, those data were excluded.  For example, a well called the 
Meltwater South #1 is located in the region to the west of the Ekvik #1 and the 
Wolfbutton 32-7-8 wells, but, because of lack of confidence in incorporating its deviation 
survey data, it wasn’t included. 
Defining the Tuluvak Formation interval in each well was made easier by 
identifying a regional, overlying shaly section that could be picked with the gamma ray 
curve.  Figure 4.3, although of low resolution, is sufficient to see a shaly section above 
the Tuluvak Formation on a south to north stratigraphic cross section.  Because this cross 
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Ekvik 1 Wolfbutton 32-7-8 
Itkillik River 
Unit 1 
Figure 4.3:  Stratigraphic cross section of all 13 wells flattened on the Tuluvak Formation top (red) picked from well logs. Seabee Formation log top shown as blue line; shown as dotted 
line where top was picked with tentative confidence.  Gamma ray = red trace; spontaneous potential = green trace; deep resistivity = black trace.  Depths are measured depths.  Refer to 









regionally, the full suite of logs for each well which were used to define the Tuluvak 
Formation are not shown.  The resistivity log was useful in identifying the Tuluvak 
Formation; the pattern through the interval in the Gubik field—specifically as seen on the 
Gubik Test #2—was used as reference.  However, for the four most distal wells, the 
Heavenly 1, Ekvik 1, Wolfbutton 32-7-8, and Itkillik River 1 (Figure 1.3), the base of the 
Tuluvak Formation (top Seabee Formation) was more difficult to define and is shown on 
Figure 4.3 as a dotted line. 
To determine if these log-top picks match the horizons picked on the seismic 
sections (displayed as two-way time in milliseconds), the following equation was used: 
 
t = 2 [(depth) / (10,000 ft / second) * (1 second/ 1000 milliseconds)] 
 
where “depth” is the measured depth of the formation taken from the wireline logs.  
Measured depth was used because we are considering the thickness of rock from the 
ground surface to the formation top picked on the log.  This value is divided by a 
replacement velocity of 10,000 ft/second, which is converted to milliseconds.  The 
calculation is multiplied by two to match the two-way time values reported on the 
structure-contour maps.  These values are not exact because the interval times at various 
locations between the wells and the seismic lines are likely different from 10,000 ft/sec.  
However, this velocity is considered to be a first approximation to actual values.  The 
computed values are displayed in Table 4.1.  It was found, given this caveat, that the 
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formation picks from the well logs are reasonable and in conformity with the structure-
contour maps displayed in Chapter Three.  Figure 4.4 is a cross section showing log tops 
picked using wireline data and computed tops from TWTT for both the Tuluvak and 
Seabee Formations. 
Wireline data for each of the 13 wells are displayed for the Tuluvak Formation 
interval in Figures 4.5 through 4.17. 
 
4.3. Discussion 
Cores showed stacked, coarsening-upward cycles, which are indicators of 
prograding complexes (Reynolds, 1996).  Log signatures showing repeated coarsening-
upward trends were noted for wells near the Gubik field, using the the GR log as a shale 
indicator.  These wells are the East Kuparuk Unit #1 (Figure 4.5), the Kuparuk Unit #1 
(Figure 4.6), Itkillik Unit #1 (Figure 4.10), Amethyst State #1 (Figure 4.11), Tulaga #1 
(Figure 4.12), and Grizzly #1 (Figure 4.13). 
Less variation in log response to sandy intervals is found in the distal wells 
through the Tuluvak Formation.  Particularly, the distal wells show low GR values at the 
top of the formation, but then the response remains relatively unchanged down to the 
base of the formation.  This is particularly true for the Heavenly #1 (Figure 4.14), Ekvik 




Kuparuk Unit 1 
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Computed  depth of Tuluvak Formation top from two-way transit time 
Computed  depth of Seabee Formation top from two-way transit time 
Figure 4.4:  Stratigraphic cross section of 12 wells flattened on the Tuluvak Formation top (red) picked from well logs.  Seabee Formation log top shown as blue line; shown as dotted 
blue line where top was picked with tentative confidence.  Dashed lines show computed depth of formation tops from seismic data.  Depths are measured depths.  Refer to Figure 1.3 





Figure 4.5:  East Kuparuk Unit 1 well.  GR = gamma ray; GAPI = Gamma American 
Petroleum Institute (gamma ray unit); CALI = caliper; MD = measured depth; ResS = 




Figure 4.6:  Kuparuk Unit 1 well.  GR = gamma ray; GAPI = Gamma American 
Petroleum Institute (gamma ray unit); SP = spontaneous potential; MV = millivolts; 
CALI = caliper; IN = inches; MD = measured depth; ResS = shallow resistivity; DT = 




Figure 4.7:  Gubik Test 2 well.  SP = spontaneous potential; MV = millivolts; MD = 




Figure 4.8:  Gubik Test 1 well.  SP = spontaneous potential; MV = millivolts; MD = 




Figure 4.9:  Gubik Unit 1 well.  GR = gamma ray; GAPI = Gamma American Petroleum 
Institute (gamma ray unit); SP = spontaneous potential; MV = millivolts; CALI = caliper; 
IN= inches; MD = measured depth; ResS = short resistivity; ResD = deep resistivity; DT 




Figure 4.10:  Itkillik Unit 1 well.  GR = gamma ray; GAPI = Gamma American 
Petroleum Institute (gamma ray unit); SP = spontaneous potential; MV = millivolts; 
CALI = caliper; IN = inches; MD = measured depth; ResS = short resistivity; RILD = 




Figure 4.11:  Amethyst State 1 well.  GR= gamma ray; GAPI = Gamma American 
Petroleum Institute (gamma ray unit); CALI = caliper; IN = inches; MD = measured 
depth; MNOR = micro normal resistivity; DT = delta time; US/F = milliseconds per foot; 




Figure 4.12:  Tulaga 1 well.  GR= gamma ray; GAPI = Gamma American Petroleum 
Institute (gamma ray unit); CALI = caliper; IN = inches; MD = measured depth; ILD = 
induction log deep; DT = delta time; US/F = milliseconds per foot; RHOB = rho bulk 




Figure 4.13:  Grizzly 1 well.  GR= gamma ray; API = American Petroleum Institute 
(gamma ray unit); CALI = caliper; IN = inches; MD = measured depth; RPD = deep 
resistivity; DT = delta time; US/FT = milliseconds per foot; RHOB = rho bulk density; 




Figure 4.14:  Heavenly 1 well.  GR= gamma ray; GAPI = Gamma American Petroleum 
Institute (gamma ray unit); CAL = caliper; IN = inches; MD = measured depth; RPD = 
deep resistivity; DT = delta time; US/F = milliseconds per foot; RHOB = rho bulk 




Figure 4.15:  Ekvik 1 well.  GR = gamma ray; GAPI = Gamma American Petroleum 
Institute (gamma ray unit); CAL = caliper; IN = inches; MD = measured depth; ResD = 
deep resistivity; RHOB = rho bulk density; G/C3 = grams per cubic centimeter; DT = 




Figure 4.16:  Wolfbutton 32-7-8 well.  GR = gamma ray; API = American Petroleum 
Institute (gamma ray unit); SP = spontaneous potential; MV = millivolts; CALI = caliper; 
CAL = caliper; IN = inches; MD = measured depth; ResS = short resistivity; RFOC = 
resistivity focused; ResM = medium resistivity; RILM = resistivity induction log 
medium; ResD = deep resistivity; RILD = resistivity induction log deep; DT = delta time; 




Figure 4.17:  Itkillik River Unit 1 well.  GR = gamma ray; GAPI = Gamma American 
Petroleum Institute (gamma ray unit); CALI = caliper; IN = inches; MD = measured 
depth; ResD = deep resistivity; RILD = resistivity induction log deep; RHOB = rho bulk 




The preservation of more silty and shaly portions of the Tuluvak Formation 
distally can be explained by the reduction of energy to entrain sediment.  Where the 
Tuluvak Formation was prograding as a shelf-delta, it was influenced more by fluvial 
processes; when it prograded beyond the shelf and distances from provenance increased, 
fluvial processes waned in influence allowing for less coarser fractions to be preserved. 
As a potential reservoir target, the Tuluvak Formation viewed in cores and with 
well logs show that is favorable given that it is relatively shallow in the subsurface (Table 
4.1) and that it has significant coarser fractions where high porosity and permeability 














The objectives of this study were to: a) describe the character of the Tuluvak 
Formation as viewed on 2D seismic sections; b) map the extent of the Tuluvak Formation 
in the subsurface; c) determine if correlative facies identified in the outcrops also exist in 
the subsurface; d) describe cores from a single well taken from the Tuluvak Formation; 
and e) determine if the Tuluvak Formation is a viable target as a reservoir in a petroleum 
system. 
The following conclusions are made from this study: 
1) Interpretation of seismic sections showed that the Tuluvak Formation 
represents the topset portion of a prograding topset, clinoform suite of 
prograding rocks; the topset/clinoform suite show signs of high-energy 
deposition. 
2) Seismic interpretation and subsurface mapping indicated that the 
Tuluvak Formation prograded across a pre-existent shelf as a shelf delta 
and continued deposition in the basin beyond the pre-existent shelf as a 
shelf edge delta. 
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3) Depositional profiles observed on the seismic sections show that fluvial 
and shallow-marine facies do exist to the terminus of the formation, 
though the overall thickness thins due to waning depositional energies. 
4) Cores verify that the Tuluvak Formation was prograding and dominated 
by fluvial processes in the region of the Gubik anticline. 
5) Given the extent of fluvial and shallow marine depositional 
environments mentioned above, the Tuluvak Formation is a viable 
target as a reservoir in a petroleum system.  Particularly, faulting across 
the Tuluvak Formation in the region above the Nanushuk Formation 
shelf edge—observed on seismic sections—may place potential 
reservoir-quality facies within the Tuluvak Formation in structurally 
high positions.  Also, folding across the region where the Tuluvak 
Formation occurs in the subsurface may provide structural closures. 
 
5.2. Recommendations 
The Tuluvak Formation can be furthered studied if additional data becomes 
available from new exploratory wells. 
1) Further constrain timing of Tuluvak Formation deposition using 
biostratigraphic data. 
2) Define a sequence stratigraphic framework for the Tuluvak and Seabee 
Formations.  Such a study would further define the nature of the progradation 
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of the Tuluvak Formation.  Analogs suggested for the Tuluvak Formation as a 
shelf delta are the Desert Member of the Blackhawk Formation and the 
Castlegate Sandstone in the Book Cliffs of eastern Utah and western 
Colorado. 
3) The Tuluvak Formation could provide an excellent example of changes in 
depositional style for a prograding package of rocks where the dominant 
change in controls on deposition is increased accommodation space.  A study 
would be particularly interesting given the interplay of a eustatic high sea 
level that began to fall and the active Brooks Range orogen during the 
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